Paleomagnetic measurements were performed on whole cores and discrete samples from approximately 4 km of sediment recovered during Leg 145 of the Ocean Drilling Program. The obtained magnetic polarity sequences enabled the establishment of a chronostratigraphic framework from the middle Miocene (about 18.3 Ma) to the present. The quality of the magnetic record is related directly to the sedimentology: clay-rich sediments deposited since 2.6 Ma and before 5.4 Ma preserve a relatively strong and stable magnetic signal, whereas diatom-rich sediments deposited between 5
INTRODUCTION
The North Pacific Ocean contains a critically important record of Cenozoic paleoceanographic and paleoclimatic events that were relatively poorly known prior to Leg 145 of the Ocean Drilling Program (ODP). Existing sedimentary records from the North Pacific Ocean are few and are generally disturbed by rotary drilling. The major objectives of Leg 145 were to obtain high-resolution records of Miocene to Quaternary changes in ocean circulation, biological activity, and global climate. New coring techniques used during Leg 145 allowed recovery of long, essentially undisturbed, sedimentary records 1 Rea, D.K., Basov, LA., Scholl, D.W., and Allan, J.F. (Eds.), 1995. Proc. ODP, Sci. Results, 145: College Station, TX (Ocean Drilling Program) . department of Geological Sciences, University of Washington, Seattle, WA 98115, U.S.A.
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that totaled over 4 km in length: a record approached by few cruises during the history of the ODP and the Deep Sea Drilling Project. Obtaining a high-quality magnetic stratigraphy from these records is crucial to the success of developing a chronostratigraphic framework for the history of Cenozoic paleoceanographic and paleoclimatic events in the North Pacific Ocean.
Cores were drilled at seven sites during Leg 145, in a transect across the North Pacific Ocean (Fig. 1) . Given the importance of obtaining a secure temporal framework for the North Pacific sedimentary sequences, we have focused on obtaining as reliable a magnetostratigraphy as possible by conducting measurements on a large number of discrete samples as a supplement to the continuous longcore measurements made during Leg 145. We present the results of these detailed studies in this paper. Enterprises (Model 760R) long-core pass-through cryogenic magnetometer. The high rate of core recovery and correspondingly large volume of shipboard measurements dictated a measurement strategy designed to minimize nonessential measurements. Cores were therefore demagnetized at 15 mT and measured at 10-cm intervals. Measurements of the natural remanent magnetization (NRM) were made on selected sections to provide information on the nature of magnetically soft (viscous) secondary overprints. The sensing coils in the cryogenic magnetometer measure signals over about a 20-cm interval, and the coils for each axis have slightly different response functions. Because of the width of the sensing regions, about 200-300 cm 3 of cored material contributes to the signal at the sensors. Our standard procedure was to normalize the measurements from the vertical, axial and horizontal axes of the magnetometer by the response curve for each axis (cf. Weeks et al., 1993) . This produced a relatively unbiased estimate of the average direction and intensity of the sediment contained within the response region of each sensor and minimized section end effects. The large volume of core material within the sensing region permits accurate determination of the remanence of weakly magnetized samples, despite the relatively high level of background noise caused by the motion of the ship.
Single samples were taken at about 50-cm intervals from most cores. Alternating field (AF) demagnetizations were performed on single samples on board, using both a Molspin spinner magnetometer with a Schonstedt AF demagnetizer and an automated Japanese ringcore spinner magnetometer (designed by N. Niitsuma). Results from the continuous and discrete shipboard measurements were presented in the Leg 145 Initial Reports volume (Rea, Basov, Janecek, PalmerJulson, et al., 1993) . Because the magnetostratigraphy reported earlier was based largely on continuous measurements at a single demagnetization level, a further 700 discrete paleomagnetic samples from Sites 881, 884, and 887 were measured at the Paleomagnetism Laboratory at the University of California, Davis (UC-Davis), in order to provide further constraints on the magnetostratigraphy. These measurements were also made using a 2G Enterprises (Model 760R) cryogenic magnetometer in conjunction with a Schonstedt AF demagnetizer. Samples were routinely demagnetized at levels of 0, 10, 20, 30, 40, and 50 mT. Application of an anhysteretic remanent magnetization (ARM) and subsequent demagnetizations of the ARM were performed on some samples on board using the Japanese spinner magnetometer. Other mineral magnetic measurements, including high-field hysteresis measurements (using a Princeton Measurements Corporation Micromag alternating gradient magnetometer) were made at UC-Davis. Detailed results of mineral magnetic studies of middle and upper Pleistocene sediments from Sites 883, 884, and 887 are presented by Roberts et al. (this volume) .
One of the problems associated with drilling is that it is usually not possible to obtain a fully continuous record because of coring disturbances and gaps in coring. Depths are usually reported as depths below seafloor. However, because of these problems, reported depths do not always correspond to true depths in the hole. During Leg 145, a downhole logging tool was used to measure magnetic susceptibility. Correlation of the magnetic susceptibility between the downhole record and the core allow construction of a true depth scale for major boundaries which eliminates the uncertainty due to core gaps. This provides a more accurate means of determining sedimentation and mass-accumulation rates. The susceptibility records also allow correlations between holes and between nearby sites, so that higher quality magnetic records found at a given location can be transferred to aid interpretation of lower quality records at another site location. The long-core magnetostratigraphy obtained at Site 884 was used in this way to aid the interpretation of poorer quality records from Sites 882 and 883.
RESULTS
The quality of the magnetostratigraphic record at each site is related directly to the sedimentology: clay-rich sediments deposited after 2.6 Ma and prior to 5.4 Ma preserve a strong and generally stable magnetic signal, whereas diatom-rich sediments deposited between 5.4 and 2.6 Ma generally contain a much weaker, and less stable, paleomagnetic signal. We therefore discuss the magnetostratigraphic interpretation for each site with respect to the three intervals from 0 to 2.6, 2.6 to 5.4, and before 5.4 Ma. These intervals are generally coincident with lithologic Units IA, IB, and II (and below), as shown in Figure 2 . Dates for all polarity boundaries are taken from the magnetic polarity time scale of Cande and Kent (1992) . Figure 2 . Lithology, lithologic subdivision, and age of sediments recovered on Leg 145. Symbols are: dashes = silt and clay; v's = siliceous ooze; rectangles and brick patterns = carbonates; alternating diagonal hash marks = ash; lowermost stippled pattern = basalt. Roman numerals with capitalized letters indicate lithologic units and subunits.
Site 881
Pass-through measurements of NRM intensity, demagnetized at 15 mT, and whole-core low-field magnetic susceptibility are shown in Figure 3 for Holes 88IB and 88ID. Results of single-sample demagnetizations, made on board and at UC-Davis, are superimposed on the pass-through measurements of inclination in Figure 4 . Data from single samples were determined from least-squares line fits to the characteristic remanence component between 20 and 50 mT (Fig.  5) . Remanence intensities are generally high (5-50 mA/m), with scattered high susceptibility (>300 × 10~6 S1) values that usually coincide with occurrences of dropstones or black volcanic ash layers (Fig. 3) . NRM intensities and susceptibilities decrease by almost an order of magnitude at a depth of about 160 meters below seafloor (mbsf) This transition coincides with the boundary between lithologic Subunits IA and IB (Fig. 2) , where the clay content and the percentage of ash layers both decrease abruptly and the sediment becomes dominated by diatomaceous ooze.
With the exception of a few apparently disturbed regions of the cores, the sediments appear to record stable normal and reversed geomagnetic field directions ( Fig. 4 ; the axial dipole field inclination is ±65.1° at a latitude of 47°6'N). AF demagnetization of discrete samples generally isolates a characteristic component that is directed toward the origin of vector component diagrams (Fig. 5) . These samples also contain a secondary overprint that is removed at fields of 5-10 mT. This overprint almost invariably has a steeply reversed direction (i.e., parallel to the core barrel). This suggests that the overprint is a low-field isothermal remanent magnetization (IRM) resulting from the drilling. Because this overprint is magnetically "soft," the whole-core measurements after demagnetization at 15 mT were used for the magnetostratigraphic interpretation at this site. Paleomagnetic directions determined from discrete samples are consistent with this interpretation (Fig. 4) and provide strong evidence that a primary component of magnetization is reliably isolated at demagnetization levels of 15 mT.
The magnetostratigraphic interpretation for Site 881, presented in Figure 4 , was constructed with the aid of the biostratigraphic framework established for this site (Barron and Gladenkov, this volume). Identification of the Matuyama/Brunhes reversal and the Jaramillo and Olduvai subchrons is straightforward in Hole 88IB. Below the Olduvai Subchron, two periods of normal polarity are identified and are assigned to the Reunion and the 'X'-anomaly events, although the Hole 88IB polarity intervals are much thicker than would be expected for these events (cf. Cande and Kent, 1992) . We correlate the Gauss/Matuyama boundary with the reversal at the base of Hole 88IB. Correlation between Holes 88IB and 88IC becomes difficult at the presumed location of the Olduvai Chron, which does not appear to be recorded in Hole 88IC. This is not the result of a depth offset between the two holes because their whole-core susceptibility and gamma-ray attenuation porosity evaluator (GRAPE) records clearly correlate, indicating no more than a 1-m offset at these depths. Thus, either an extra event is recorded in Hole 88IB or an event is missing in Hole 881C in the 100-110 mbsf interval. Anomalously shallow reversed directions occur at depths where the Olduvai Subchron would be expected in Hole 881C (100-110 mbsf). A possible explanation for the missing subchron is the observation of apparent dips as high as 60° and clear evidence for disturbance of the sediments at these depths in Hole 88IC. Untilting the anomalously shallow reversed directions in Hole 88IC may restore directions to normal polarity in this zone.
Advanced piston cores (APC) were obtained to a depth of 155.8 mbsf in Hole 88IC, below which cores were recovered with the extended core barrel (XCB). Paleomagnetic directional data from the XCB cores were not sufficiently consistent to enable interpretation in terms of magnetostratigraphy at Hole 88IC. However, the APC core data from Hole 88 ID (155-212 mbsf) are of excellent quality (Fig. 4) and provide clear identification of the Gauss/Matuyama and Gilbert/ Gauss polarity boundaries, as well as the Kaena and Mammoth subchrons. A continuous magnetostratigraphy is therefore available for this site from the present to the top of the Cochiti Subchron at 4.03 Ma. Depths to polarity boundaries are given in Table 1 .
Site 882
Pass-through measurements of NRM intensity, whole-core magnetic susceptibility, and paleomagnetic inclination are shown in Figures 6 and 7 for Hole 882A. Remanence intensities and susceptibilities are relatively high in the upper part of Hole 882A and decrease gradually with depth to 105 mbsf, where they abruptly diminish by about one order of magnitude. This transition again coincides with the decrease in clay content and percentage of ash layers at the boundary between lithologic Subunits IA and IB, where the sediment becomes dominated by diatomaceous ooze (Fig. 2) . Sharp peaks in NRM intensity and susceptibility occur throughout the sequence and commonly coincide with the black and brown ash layers. The amplitude and frequency of these peaks diminishes markedly below 105 mbsf.
The new core barrel used at this site did not appear to carry a significant remanent magnetization because the consistent drilling overprint observed at Site 881 was not evident at Site 882. Demagnetization of discrete samples ( Fig. 8) demonstrates that secondary overprints are usually small and are consistent with a viscous origin. With the exception of disturbed parts of the cores, the sediments appear to record stable normal and reversed field directions (the axial dipole field inclination is ±68.1° at a latitude of 51°11'N) in the first 105 m of Hole 882A as well as in the top 45 m of Hole 882B. Sediments were not measured below 48 mbsf in Hole 882B.
Demagnetization of single samples isolates a stable magnetization that is directed toward the origin of vector component plots in the upper part of Hole 882A (Fig. 8) . However, within this interval, discrete sample demagnetizations reveal unstable behavior in some restricted stratigraphic intervals, notably 40. . Repeat demagnetizations of samples from these zones at a given demagnetization step produce widely different directional results which implies that the samples are susceptible to the acquisition of random magnetic moments during the AF demagnetization process. The zones correspond to what appear to be short normal events in the measured whole-core magnetization. We believe that these events are artifacts resulting from remagnetization of these intervals during the pass-through demagnetization. For the magnetostratigraphic interpretation, the single-sample data were used to distinguish well-behaved regions of the cores from those susceptible to such remagnetizations. With the exception of the problem intervals discussed above, the data from the discrete samples are in almost exact agreement with the long-core results (Fig. 7) .
Data from Hole 882B (0-45 mbsf) agree well with those from Hole 882A (Fig. 7) . The Matuyama/Brunhes boundary occurs at approximately the same depth in both holes (35.3 mbsf in 882B compared to 35.5 mbsf in 882A). The magnetostratigraphic record of Hole 882A can be readily matched to the time scale of Cande and Kent (1992) as far as the Gauss/Matuyama boundary, which occurs at approximately 98 mbsf (Fig. 7) . Magnetostratigraphic interpretation of the interval from 105 to 300 mbsf is not possible due to low intensities of magnetization which results in a noisy and inconsistent polarity signal (Fig. 9 ). However, from 300 mbsf to the base of Hole 882A at 398.3 mbsf, within Subunit IB, clay contents increase, NRM intensities become stronger and a more coherent magnetostratigraphy again emerges (Fig. 9 ). The polarity sequence is dominated by reversed polarity and contains several zones of normal polarity. Such a pattern is not sufficiently diagnostic to make an unambiguous correlation of this interval with the polarity time scale. However, biostratigraphic data (Barron and Gladenkov, this volume) suggest that the sediments lie in the age range from 8 to 4 Ma and, based on susceptibility correlations with Site 884 (Fig. 10) , the three thick zones of normal polarity between 300 and 360 mbsf in Hole 882A are interpreted to represent the lower three normal subchrons in the Gilbert Reversed Chron ( Fig. 10 ; Chron C3n.2n-C3.4n; i.e., the Nunivak, Sidufjall, and Thvera subchrons). The upper normal subchron in the Gilbert (C3n.ln; i.e., the Cochiti Subchron), which occurs during the low-intensity diatom dump zone, appears to be partially recorded by the sediments in Hole 882A (Figs. 9 and 10). The susceptibility correlation, in this case, allows an interpretation to be made of the poorquality magnetic results in this zone at Site 882. Considering the interpretation shown in Figure 10 , it is clear that the time interval represented in the last 100 m of Hole 882A is short and that the sedimentation rate is, therefore, substantial. Depths to the polarity boundaries are given down to the Gauss/Matuyama boundary in Table 2 .
Site 883
Pass-through NRM intensities and whole-core susceptibility results are shown in Figure 11 for Hole 883B. As with Sites 881 and 882, remanence intensities and susceptibilities are high in the upper part of the sequence and gradually decrease to a depth of 87 mbsf in Hole 883B and 90 mbsf in Hole 883C, at which point the values of these parameters abruptly decrease by more than one order of magnitude (i.e., at the boundary between Subunits IA and IB). The remanence intensity does not increase again until about 720 mbsf (Fig.  11) . A lithologic boundary (between Subunits IVA and IVB) occurs at 740 mbsf (Fig. 2) , where increased susceptibilities and increased cumulative ash thicknesses occur. Despite the increase in remanence intensity, XCB drilling disturbances at these depths renders it difficult to interpret the whole-core magnetization directions.
With the exception of disturbed and diatom-dominated parts of the sequence, the sediments appear to record stable normal and reversed field directions in the upper 90 m of Holes 883B and 883C ( Fig. 12 ; the axial dipole field inclination is ±68.3° at a latitude of 51 °33'N). A weak reversed polarity drilling overp rmt was commonly observed at Site 883. Demagnetization of single samples shows that the overprint can be removed at peak alternating fields of 5-10 mT (Fig. 13) . Some indications of unstable remanence are seen in stratigraphically localized regions where discrete sample demagnetizations do not support the normal polarity events seen in the whole-core measurements (Fig. 13D , -E). As with parts of the record at Site 882, we infer that samples from these zones are unstably magnetized. The normal polarity events may represent remagnetization of the whole core by a possible small DC bias field present in the demagnetization coils of the pass-through system. The individual sample results were again helpful in discriminating polarity events that are artifacts of remagnetization from stably magnetized polarity zones in the whole- core magnetostratigraphy. Aside from the problematic depths indicated in Figure 13 , the discrete sample demagnetizations are in almost perfect agreement with the whole-core results (Fig. 12) .
Data from Hole 883B are in good agreement with those from Hole 883C (Fig. 12 ) over depths where demagnetizations were performed on both cores (0-100 mbsf). The Matuyama/Brunhes polarity transition occurs at approximately the same depth in Holes 883B (33.3 mbsf) and 883C (35.05 mbsf). The records from Site 883 reveal a simple magnetostratigraphy that can be readily matched to the polarity time scale of Cande and Kent (1992) as far back as the Gauss/ Matuyama boundary at approximately 84 mbsf. We have not been able to confirm the presence of the Reunion event at Site 883. Two normal events are evident between the Gauss/Matuyama boundary and the Olduvai Subchron in the whole-core measurements (Fig. 12) ; however, discrete sample data indicate that the lower event is an artifact of magnetization. We tentatively correlate the upper normal polarity zone with the Reunion event, however, we have not confirmed this with discrete sample data. Between about 90 mbsf and the bottoms of Holes 883B and 883C, the data are of insufficient quality to warrant magnetostratigraphic interpretation. However, we have again attempted to use a susceptibility correlation with Site 884 to aid interpretation in this zone (Fig. 14) . The sediments in the diatom-rich zone have an even weaker signal than those at Site 882. However, the correlation gives an indication of the location of the Gilbert/Gauss boundary and preceding subchrons to C3An.ln (Fig. 14) . This correlation demonstrates that sedimentation rates in excess of 10 cm/k.y. occurred in the period between 4.8 and 3.55 m.y. Possible locations of the normal subchrons within the Gilbert Chron, based on susceptibility correlation with Site 884, are also indicated in Figure 14 .
Depths to the polarity boundaries recognized in Holes 883B and 883C are given down to the Gauss/Matuyama boundary in Table 3 .
Site 884
At Site 884, NRM intensities and susceptibilities are higher at all depths than those at Sites 882 and 883 (Fig. 15) . This difference is particularly marked in the intermediate depth regions (e.g., Site 883, 87-650 mbsf; Fig. 11 ), which have weaker intensities at Sites 882 and 883 because of dilution by large concentrations of diatoms. For example, at Site 884, between 200 and 600 mbsf, remanence intensities are about one order of magnitude higher than at equivalent depths at Site 883. This result is consistent with the generally higher clay contents found at all depths at Site 884 compared to the nearby (shallower) sites (882 and 883) on the Detroit Seamount. Site 884 lies in deeper water on the Meiji Tongue, which is considered to be a drift deposit where deep thermohaline currents are responsible for the long-term, long-distance transport of sediment (Scholl et al., 1977; Mammerickx, 1985) . At Site 884, clay fluxes in the upper Miocene to Pliocene sequence are as high as in the Pleistocene at the other sites. This attests to the significance of clay transport and focusing by bottom currents at depths greater than 3300 m (i.e., at depths greater than that of Site 882).
An additional contrast to the other sites is that there is no abrupt decrease in intensity with depth at the top of the diatom-rich zone at Site 884, but rather a gradual decrease between about 100 and 150 mbsf (Fig. 15) . However, the remanence and susceptibility curves show overall variations that are similar to those seen at other sites with a zone of low values between 200 and 600 mbsf, followed by a gradual increase between 600 and 700 mbsf to values comparable to those in the top 100 m of the sediment column. These changes coincide with lithologic Subunits IA (initial high intensity and susceptibility), Subunits IB to ID (all with relatively low intensity and susceptibility), and Unit II (high intensity and susceptibility), respectively (Fig. 2) . As at other sites, a reversed polarity drilling overprint was commonly observed at Site 884 (Fig. 16) . Demagnetization of single samples shows that this overprint is readily removed at peak alternating fields of 5-10 mT. However, in contrast to the other sites, the discrete samples held a measurable and apparently stable remanence throughout most of Hole 884B (Fig. 16) . These samples confirm the polarity zonation determined from the whole-core measurements for the upper 380 m of Hole 884B (Fig. 17) . A comparison of the whole-core measured inclinations (after demagnetization at 15 mT) with data from discrete samples is shown in Figure 17 .
For the continuous whole-core data, the directional results from sediment cored with the XCB are noisier than those recovered by the APC method. The nature of the noise introduced by XCB coring can be seen in the record from Section 145-884C-24X-3 (Fig. 18) . The periodic signal in inclination, declination, and intensity delineates zones of twisting, separated by zones of breakage where the sediment failed. Both inclination and declination have been significantly modified by this deformation process. However, the polarity of the sediment appears to have remained largely intact. Support for this conclusion is found in results from Hole 884C, which agree remarkably well with those from Hole 884B, and show little depth offset (Fig. 19) . With the exception of poor recovery near the termination of the Olduvai Subchron, overlaps from Hole 884C make up for zones of poor recovery in Hole 884B, so that continuous coverage was obtained to a depth of 350 mbsf. Sediments from Holes 884B and 884C were drilled with the XCB method from within the Olduvai Subchron, from 87.3 mbsf and 78.4 mbsf, respectively, to the bottom of each hole. With the exception of disturbed sediment, stable normal and reversed field directions are recorded between 0 and at least 600 mbsf in Hole 884B (the axial dipole field inclination is ±68.3° at a latitude of 51°33'N). In the age versus depth curve, based on the magnetostratigraphy, shown in Figure 20 , a significantly low sedimentation rate occurs at 70-120 mbsf, which includes the Olduvai Subchron. This feature is discussed further in our description of results from Site 887. Core 145-884B-40X (353.6 mbsf) marks the transition from soft sediment to more lithified material in Hole 884B. Below this level, the sediment was broken into drilling biscuits by XCB coring. Despite this deformation, the cores again appear to have retained a coherent magnetostratigraphy, at least as far down as Core 145-884B-65X (603.8 mbsf). This indicates that, on average, the drilling biscuits have retained their vertical orientation.
Results from Holes 884B and 884C provide almost 600 m of coherent magnetostratigraphy, with an almost continuous record for the first 350 mbsf. The composite magnetostratigraphy from Holes 884B and 884C, and its correlation to the polarity time scale of Cande and Kent (1992) , is shown in Figure 19 . A clear interpretation is possible from 0 Ma to the top of Chron 5Ar.ln (12.6 Ma) at about 580 mbsf. Although the paleomagnetic results appear to provide a continuous record over this interval, with a coherent picture of sedimentation rate variation (Fig. 20) , biostratigraphic results suggest a hiatus or compressed zone below the base of Chron 5n (about 510 mbsf). The duration of the hiatus and its precise location are uncertain and better definition should be achieved with further, more detailed, biostrati- graphic work in this zone. However, a second possible interpretation of the magnetostratigraphy ( Fig. 20 and Table 4 ) includes a compressed zone at the base of Chron 5n.
Site 887 NRM intensities and susceptibilities from pass-through measurements are shown in Figure 21 for Hole 887C. As at other sites from Leg 145, Site 887 is characterized by high remanence and susceptibility values within the top 100 mbsf, which decrease abruptly below this depth as the abundance of diatoms increases. In contrast to previous sites, no increase in intensity and susceptibility is evident toward the bottom of the sedimentary sequence. However, values for both NRM intensity and susceptibility remain well within measurable levels. Both curves in Figure 21 clearly show a sharp transition between lithologic Units I and II at 89.5 mbsf (cf. Fig. 2) , where there is an almost order of magnitude decrease in susceptibility. A gradual increase in susceptibility coincides with the boundary between lithologic Subunits IIA and HB at 174 mbsf.
As at earlier sites, a reversed polarity drilling overprint was observed in samples from Hole 8 87 A (Fig. 22) . Discrete sample demagnetizations indicate that this overprint is removed by peak alternating fields of 5-10 mT (Fig. 22) . Discrete samples held a measurable and apparently stable remanence throughout most of Hole 887, with some exceptions (Fig. 22) .
Results from Holes 887A and 887C provide at least 270 m of coherent and continuous magnetostratigraphy (Fig. 23 and Table 5 ; the axial dipole field inclination is ±70.3° at a latitude of 54°22'N). Directional results from sediments recovered using XCB coring in Hole 887A are noisier than results from sediments recovered using APC coring in Hole 887C. In the intermediate to deep parts of Hole 887A, recovery from XCB coring was low, whereas at the same depths in Hole 887C, APC recovery was good (Fig. 23A) . The paleomagnetic results from Hole 887C appear to be of extremely high quality. As a result, below 180 mbsf, the magnetostratigraphy was interpreted almost exclusively using whole-core results from Hole 887C. In the upper parts of the sequence (above 180 mbsf), a continuous magnetostratigraphy was constructed using the results from both Holes 8 87A and 887C. The magnetostratigraphy between 0 and 180 mbsf, the means by which it was constructed, and its correlation to the polarity time scale of Cande and Kent (1992) are shown in Figure 23A . The magnetostratigraphy from 180 to 273.8 mbsf is shown in Figure 23B . Depths to polarity boundaries recognized in Holes 887A and 887C are given in Table 5 .
Magnetostratigraphic results from Site 887 are extraordinary in their resolution, continuity, and length. A clear interpretation of the magnetostratigraphy is possible from 0 Ma to the top of Chron 5En (18.3 Ma) at about 272 mbsf. The record to 18.3 Ma appears to be continuous, with no suggestion of substantial missing time intervals. A detailed and coherent picture of sedimentation rate variation, based on the magnetostratigraphy, is shown in Figure 24 . The sedimentation rates near the base of the section are close to 0.5 cm/k.y., an order of magnitude lower than the rates near the top of the hole. As at other sites from Leg 145, a low sedimentation rate is evident at about the level including the Olduvai Subchron (60-90 mbsf). Thus, low sedimentation rates near the Olduvai Subchron appear to occur across the entire North Pacific Ocean.
DISCUSSION
It would not have been possible to obtain the high-quality magnetostratigraphic results outlined in this paper if it were not for the development of new coring techniques that were designed to recover long, continuous, and undisturbed sedimentary records. The results obtained here also demonstrate that XCB rotary drilling at deeper depths seriously compromises the fidelity of the paleomagnetic record (Fig. 18) and that this type of drilling should be avoided, especially when chronological constraints from magnetostratigraphy are crucial to the mission of drilling.
Throughout the North Pacific Ocean, two important changes in mass accumulation rates and flux of major sediment components are apparent: one near the Miocene/Pliocene boundary, the other near the Gauss/Matuyama geomagnetic reversal boundary. The interval beginning at the Miocene/Pliocene boundary at 5.4 Ma and extending to 2.6 Ma (generally lithologic Subunit IB) is consistently dominated by radiolarian-bearing diatom ooze and a dramatic decrease is seen in clay, volcanic ash, and quartz fluxes. The interval beginning at the Gauss/Matuyama boundary at 2.6 Ma and extending to 0 Ma (generally lithologic Subunit IA) is marked by high fluxes of diatoms, clay, volcanic ash, ice-rafted detritus (IRD), and quartz. The diatom ooze of Subunit IB defines a time of extreme silica deposition in the North Pacific Ocean. This episode was observed at all Leg 145 sites and represents a short period of extreme productivity at high latitudes that is associated with an early Pliocene period of climatic amelioration.
Early studies by Conolly and Ewing (1970) and Kent et al. (1971) indicate that a period of deposition of abundant IRD began near the Gauss/Matuyama boundary at 2.6 Ma. However, only three cores from these studies penetrated to the Gauss Chron and lack of deeper recovery precluded investigation of older ice-rafted material. Rea and Schrader (1985) studied ice-rafting in the North Pacific Ocean in cores from the Deep Sea Drilling Project (DSDP), using diatom biostratigraphy as the basis for their chronological framework. They concluded that the onset of significant ice-rafting was coincident with . Intensity and inclination of NRM after demagnetization at 15 mT from whole-core measurements between 250 and 400 mbsf in Hole 882A. The polarity sequence is shown on the right, with gray zones representing poorly defined polarity events that occur in zones of weak remanence intensity.
the onset of glaciation in the North Atlantic Ocean at 2.6 Ma, as reported by Shackleton et al. (1984) . Dropstones appear consistently at the Leg 145 sites at 2.6 Ma, heralding the onset of major glaciation in the Northern Hemisphere. This suggests that the onset of glaciation in the areas feeding the North Pacific Ocean was synchronous with the onset of Laurentide and Fennoscandian glaciation (Rea and Schrader, 1985) . Taken together, the Leg 145 drill sites from the northwest Pacific Ocean and Leg 86 drill sites (Heath, Burkle, et al., 1985; Krissek et al., 1985; Krissek, this volume) define the source of northwest Pacific Ocean dropstones to be the Kamchatka Peninsula, as first suggested by Conolly and Ewing (1970) . Dropstones are far more abundant in the Gulf of Alaska (Site 887) than in the northwest Pacific Ocean and are of different lithology, confirming the distinctly Alaskan source of IRD (McKelvey et al., this volume) , as suggested by Rea and Schrader (1985) . The Pacific-wide dropstone record, should therefore permit comparison of the timing and pulses of glaciation in Siberia and North America. An increase, by more than one order of magnitude, of volcanogenic material near 2.6 Ma in the North Pacific Ocean has also been known for many years (Kennett and Thunnell, 1975; Kennett et al., 1977) , however, the Leg 145 sites provide much better-dated sequences for determining the timing of the onset of the northwest Pacific portion of this oceanwide volcanic episode.
Increased fluxes of terrigenous clays near 2.6 Ma are also recorded at all of the Leg 145 sites, even though overall sedimentation rates were reduced in the upper parts of the records. An enhanced flux of terrigenous material at the time of onset of significant continental glaciation has been recorded commonly in the North Atlantic and North Pacific oceans. The enhanced influx of terrigenous material may be associated with the onset of bottom-current activity, as well as increased eolian input due to increased continental aridity at that time (Janecek and Rea, 1983; Janecek, 1985) . The magnetostratigraphic framework outlined in this paper provides crucial constraints on the dating of paleoceanographic and paleoclimatic events recorded in the sedimentary sequences drilled during Leg 145. Sites 884 and 887 have provided some of the longest continuous-polarity sequences ever obtained in the history of ocean drilling. Rapid accumulation of clay-rich sediments at Site 884 permitted development of a magnetic reversal stratigraphy that is coherent back to the middle Miocene at approximately 12.6 Ma. This stratigraphy permits the direct correlation for the first time of the North Pacific Ocean diatom zonations to the magnetic reversal time scale in sediments older than latest Miocene in age. The magnetic reversal stratigraphy at Site 887, complete to 18 Ma, also provides a framework for calibration of microfossil zonations.
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Inclination (°) Susceptibility (S1 x 10" 6 ) Susceptibility (S1 x 1 Cf 6 ) Susceptibility (S1 x 10" 6 ) Susceptibility (S1 x 1 θ" 6 ) (Pass-through) (Down hole) (Down hole) (Pass-through) Inclination (°) Figure 14 . Correlation of susceptibility logs from Holes 883B and 884B. Susceptibility from the pass-through measurements is first matched to the downhole measurements at each site. These correlations are used to transfer polarity information from Hole 884B to Hole 883B to aid interpretation of the magnetic record of Hole 883B. The estimated locations of the Gilbert/Gauss boundary and several normal subchrons within the Gilbert Chron are indicated. Figure 18 . Inclination, declination, and NRM intensity from Section 145-884C-24X-3. The directional and intensity results show a periodic variation produced by drilling deformation associated with XCB drilling. The core apparently broke into 20-to 30-cm sections, which were deformed by twisting before failure as the drill penetrated the sediment. Geomagnetic polarity time scale (Cande and Kent, 1992) Hole 884C
Inclination ( Figure 19 . Magnetic inclination records, after 15-mT demagnetization, from Holes 884B and 884C. The magnetostratigraphic interpretation is shown in the center where the gray zones connect periods of normal polarity to their location on the time scale of Cande and Kent (1992) . Changes in the slope of the gray zones indicate changes in sedimentation rate with respect to the linear time scale. Depths to polarity boundaries are shown in Table 4 with respect to the chron nomenclature of Cande and Kent (1992) . Cande and Kent (1992) . The annotation "cb" indicates that a polarity transition occurred in a core break; "g" indicates a core gap. Below Chron 5n, a second possible interpretation is given for Hole 884B magnetostratigraphy.
Intensity ( Whole-core measurements of inclination, after 15-mT demagnetization, from Hole 887C, with single-sample data superimposed, for the interval 180-273 mbsf. Correlation with the geomagnetic polarity time scale of Cande and Kent (1992) is also shown. Depths to polarity boundaries are shown in Table 5 with respect to the chron nomenclature of Cande and Kent (1992) . Cande and Kent (1992) . The annotation "cb" indicates that a polarity transition occurred in a core break; "f" indicates depth of poorly recovered Olduvai interval (see text).
